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Backg'round

Much thought and activity has already been devoted over the years to
the needs of conventional fixed-wing aircraft and, to a consequence, the
poor visibility landing systems requirements have been fairly accurately
established. Although the more recent debates linked to the XCAO
microwave lar~ding system (MLS) have endeavour'ed to encompass VSTOL
aircraft and helicopter operations, theme aspects have been somewhat
more speculative because there has boon less practical experience of

-' them in poor visibility.

It may be useful, therefore, to recall the essential differences
between helicopter and convrentional fixed-Wing LirCraft operations
which affect consideration of tue recovery systems. In 6he, case of
f,'xed-wing operations to r'unways, asccurvte fl-Ightpath tli V. =t wit h -. he
r~.way ZM and the need to ^onstrain the ,vuhiown re.~e oO dItsoor n,;
'.oni1*4dinal scatter Lt conum~nt ani .1 relative .M ighaprchsed
linked to the need -Po limi-, the effects of gAainot sysern noise on
automati flight oon-,rol sy7stems a.1 on control surface MO*1*MMentA,
lesAs to 'he now familiar aZimuth and elevation angular guidance4
aoouaoyV sapecifioaticna for MS and M4LSd These reflect the need for
high angu~lar accuracy, stabilitV and low guidance noise. Teprovision
of range information, =nloss needed to compute flare-out Iraidanoe, is not
particu'lr critical,, its use is then primarily for mnitoring distance-
to-go, for control law optimisation, or for indicating decision heights on
glidepaths where radio altimeter information suffers terrain profile
errors. Helicopter operations to small restricted landing areas, on the
other hand, are not critical in respect of precise approach direction or
glidepath, but do need accurate deceleration guidance and, because of low
speed handling problems when flying on instruments, need especially low
pilot workload guidance displays. The latter require low guidance
system noise, similar to that required for fixed-wing operations.

'The operational requirements

The probable UX user applications for helicopter recovery aids in the
foreseeable future include Naval operations from ships, Army and Air
Force field support, civil off-shore support operations and shuttle
flights in support of civil Category 11 and III fixed operations. Xost
other helicopter flights over land can be =ads in reasorab1e visibility
and in vigual eontact with the ground. Operations to ru.nways should
present no undue problem. when US is available, providing that the
Visual lighting Lid$ Ire suitable. Restricted sites are often thought
Of a3 posing the need for steep approach angles but it is fo'und that, in
=Ost litua!tiO~isf approoch angles up to 60 will suffice, &lthough exce;-
t'ionLly there maj be sites which need an approach angle up to 15O. The
most stringent requirement on guidance arises when, as in the N.aval cas,

3.Harrison is at the Royal Aircraft Establishment at Bedford.



a small landing area in co-located with obstructions and, additionally, ship
motion and manoeuvre have to be accommodated.

The cost-benefit of achieving particular operational weather minima in
zelation to weather statistics needs very careful assessment. For operations
wioh are not critical in respeot of timinj, or diversions are available, annual
percentage weather occurrence is relevant, For critical operation., howeve-r,
the likely duration of individual occurrences is the more relevant aspect; when
transitions to the very low visibilities occur, the low visibility tends to
persist, and hence a low percentage occurrence can mean a few occasions but
each being of long duration. Transitional visibilities tend to reduce to 50 to
100 mor clear to 300 to 400 m relatively quickly in general. The implication
of this is that, to be coat effective, low visibility aids should be geared to
a meteorological visibility of either about 300 m or 50 m, broadly speaking.
Typially, visibility is lees than 300 m for about 300 hours/year in the UK.

The Problems

The problems which helicopter recovery presents in these low visibilities
fall into a number of "aea.

If it is essential to fly steeop liepaths, then there is the Unger of
encountering vortex ring problems if the rate of dtescent is too high; if, as a
consequence, "he rate of ieccent is kept low, then forward speed must also be ,
low, thereby inoreasing the low-speed handling problems. This letter is a
demanding ;ilo tng task when lyinj or. Lns-.rament oelow the iinimum power seed,
espeCially in .rosswind zzndiior.s. At night and in poor vi ility i .s
iifftoult "isually to "d~ range. eni W ~eain*her. the anr.zr extent of
forward *rsa=l Xues Is small. The .Tav! environment probably presents the most
severe challenge in respec- of the limi-ed extent of visual cues, e.d of .M"C,
vibration, salt apray, iting and radio sir-a multi;ah interference from ship
straoture and sea surface. Ship freedom 'co manoeurrs, ship motion in high sea
statesand high wind conditions make wide azimuthal approach gaidance coverage
essential. Electronic juidLanoe compensation can be employed for ship heading
ohanges 1bt, because of sea multipath effects, ship roll stabilisstion of

LZimuth raudence on small ships will probabzly read to be effected physic&lly to
avoid undue tilting of the ship an+e*na aperture relative tao the sea and con-
sequent exoessive signal amplitude and phase distortion Loross the antenna
aperture. Sea surface reflections in typioal north Atlantic sea conditions
will cause signal fades of 10 d3 or more at the shallow angles corresponding to
low-level helicopter approach paths. The need to recover helicopters in fog
or heavy rLinfall limits the electromagnetic frequency spectrum practically
available to below about 20 OH.. If the approach is flown manually, then pilot

7 workload will be high during the instrmnent deceleration unless the cockpit
display cf guidance and attitude is reasonably noise-free and is easily and
quickly assimilated. Automatic flight control systems, if simplex, must have
authority limitation at the expense of rapid response an the hover is approached
but, if multiplex, are expensive in size, weight and cost of ownership. The
cost-benefit of low visibility landing Lids is not easily proven prior to
accidents occurring and, when operating economies have to be made, it is easy
to regard them as something of a l'%xury. The process of civil certification
of new operations must not be under-estimated.

Recent work

The aim of recent work has been to evolve a minimum cost helicopter system
for use in visibilities down to 50 m which in capable of being flown manually
and, if necessary, using existing flight instrmments. Any autopilot assistance
should be no more than simplex self-monitored. For over-sea operations,



economy can be made by utillsing the radio altimeter in conjunction with range
information to provide elevation guidance. For the range and aximuth guidance,

M ~ transmission frequency has been adopted, with interferometer angle
measurement and ranging transponder adjacent to the landitng area., Flight and
simulator investigations at UIA. Bedford have been followed by flight trials to
anl off-shore platform and to ships. This has enabled fligbtpath proftlest
porocedures, handling characteristics, pilot factors, guidance, cockpit displaysa
and visual aids to be assessed. A system has boon evolved which enables the
pilot to manuallyr decelerate to the hover with an acceptable workload when using

*only conventional eleotro-mochsrdical instruments. It employs pitch, roll and
height directors with heading held steady for the final part of the approach to
the landing area. The additional use of simple autopilot heading end height
hold modes,if available,reduce. pilot workload to a veryj low level. The guidance

format for an integrated electronic display for the whole terminal navigation
and-deceleration manoeuvre is being developed and evaluated in flight.

Wi, Complementary visual lighting aids for use during clear day and night approaches
are being refined, and the special visual aids to assist the final landing
manoeuvres following an instrument approach to the hover are being assessed.
The mechanisms end magnitudes of sea multipath effects at 5 GHz have been
studied and measured in some detail as a, neoerttry input to the total radio

Thesalenl mesags hich have emergud from "-aivelopment and proving

work: to lat4 zf low visib~ll-ty helicopter rtcovery as toms can be summarised
as follows. hehlo;** .,=l- a -or- tblt an otol&, ow'

speeds inad-rerse re m inanI The minnimum iriped, wher. uigol
visuallsh' n ails o r.: ;osilional* radio aiiaose, isnbu C~~ head-
wind~s will reduce the oorresponding :losing sj~ed. 7.suaL- Seceleration evlln on
A, 0.6eu n-ii or dull day is dtcltt udecrrec-,ly when oythe distant~
landin~g area, is visible. 5iven w~ell developed flirhi irctors and control

las aually flown instxment approaches to the hover are quite practicable.
Simple zuopilot modes give a vey worthwhile benefit. Isr~e dclrto
requires very good ad sensitive pilot displays if workload is to be kept down
-to an accep-!able and safe !evel. This in turn lecands low noise Cgu-dano
signals. Accurate range and velocity guidance is cructal. All the experience
to date ornfirms the view that the logical break-point between instrument and
visual g..danco is at or close to the hover. It follows that electronic a'do
for the land-on manoeuvre are unlikely to be oast-effective. Operat~ors will
only subscribeo if the costs are reasonable, so that complexity must be minimised
and what is readily available must be fully exploited.

* The recovery of helicopters to airfield runways, given existing aids such
K. as ILS, is essentially a visual problem. Improvements to approach lighting

patterrnito matoh the lower helicopter approach speed and to runway lights to
*increase higher angle intensity seems likely to offer sonsiderabole benefit,

Recovery to off-shore platforms, in the absencoe of an instrument deceleration
CAPa~bility, appear. to warrant the use of &. visual CIlIdepath indica-,or in
conJLnction %ith radio altimaever to deduce range and assist deceleratior~and
pouuib.*y --he addition of an omi-directional visual beacon to replace the
disappearing f.&a-utack.

In respect of the radio recovery guidance system, adequate 1, ilt-in per-
formance moni-woring is aeential if ecruipirent redundancy is to be minimisad, or
oliminated, in order to asaure adequate integrity and safety and tIo minimise
complexity and cost. Guidance system reqairements appear to be 'roadly as
follows!-



Coverag: Auimuth - ideally 3600 and not less than 1200

Elevation - 1 to 100 at long range
1 to 450 at short range

Range - minimuzm loss than 50 m
maximum at least 5 miles 1

Acouracy: Azimuth- io 20 1'11

Elevation - 0.250 at long range
I to 2 m in height at short range ni

Range - 3 m at short range

Velocity - 2 to 3 kn

Noise (rms): Azimuth - 0. 050
Elevation -,0.080 at long range

a -:0.7 m at short range

Rane -I mat short range

Velocity -. 5 kn

Output itr zztqSoetin ng . I"r oIV <,0. 1 HZ:"'i!

The incusin of &Iv. li nk o i- grun ;: or ship, montoring oftearoach
a. a &l-don eM 49I learl" Ld7antageoS9UX. '.he system power -q-3e-6~
tka.,oo Z ", to'-&,,6 aSz-.L ns4 a i a~ r .-C M 40d . &- raions &.3'rzo o41

9 : i±ue to sea re!lec ior .; h, reaching - 2 i3 o occasions. .a.io Z....
-6l±.e*r ~e gu ricance wil. irertil smoo-ching t 0o o 6W ar te .ffeC-d

on gidl ar.c* noLse of sea motion ", low h.elioopter speeds. l!It

Concl O '.s o,,s

In &unmary, we can say 'hat piloted landings in low visibility are .,,

practioable using availalole toeo.=lolr. The final landing from the hover is
belt Lchieved visually. An instrament approach from 5 miles t'o the hover I
requires a radio system supplemented where necessary by inertial smoothing.
The key areas demanding enhancement are the helicopter out-of-wind limits and
stabilityv pilot displays and workload and &fe$ty &GpeCts rather than radical
advances in guidance. Pinally, the complexity and cost of recovery systems
must be kept to a minimum if operators are to be encouraged to insure their
operations in respect of laanding success and saisty in low visibility,

M1111:N.11111~i



Heliopter Guidance and Navigation

K 1980 will be noted as the year that I.F.R. operations in

various overland roles joined the already extensive Offshore

applications of the Sixties and Seventies. This has been

brought about by the advent of the Twin-Engined Executive

.. .helicop.er with full stabilisation and state-of-the-art

Avionics.

Whilst Offshore and Onshore detailed requirements may vary.

the Guidance and Navigation needs fall into the same categories,

i.e., a) En Route, b) Terminal Approach and c) V.H.F. Homing.

It would be desirable for the first two or these requirements

to be met by one item of airborne equipment.

Existing En Route Navigation reflects the fact that helicopters

often operate away from VOR beans and at low altitudes and

consequently Decca, Loran and the available VLF services

provide the navigation capability. However Precipitation

Static continues to present a problem WhiCh has only partially

Ceen overcome by 'H' field antenna improvements. Any future

aid iiust include a DR function to take account of this ani any

other period of loss of signal.

Although the trend is towards digital display of position,

track and speed information a case still exists for a

supplementary flight log to give a pictorial representation.

This is most useful in the inter-rig shuttle phase of

Offshore operations and would also provide a valuable aid in

* . the overland en-route emergency descent situation,

'h The capabilities of Airborne Radar have expanded significantly

in recent years so that what was once a Weather Avoidance Aid

!* now provides not only Offshore En-Route Navigation Guidance

but also per its Terminal descents to the lowest minima so

far experienced Offshore, The cortinued progress towards

integrating Radar vith a digital en-route aid, thereby providing

the possibility of pictorial positioning, ii to be encouraged,.

A C 3ordon (Bristow Relicopters)
:1
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Existing Precision Approach Aids such as ILS continue to

satisfy aerodrome approach requirements, particularly ir, with

a marginal redu'ction in Deciuion Height approached can
then be completed in all weathers by the use or directional

high intensity lighting.

Away from the fixed aerodrome the area open for maximum

improvement in the heliport, both Onshore and Offshore,

where constraints of physical size have lead to the concept

of the Mlobile M.L.S. with minimal aerial array. Even here

good lighting is necessary to complete the transition to a

visual landing.

An attribute always associated with helicopters is Search and
Rescue. Often the only available Search aircraft is one from

the same base as the helicopter that- is missing. Both in the

North Sea and in the jungles cF Indonesia civil helicopters
are equipped with Homing devices, Our e.~

* to date is not very good and again antenna design seems to be

the problem area.
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NAVIGATION OF HELICOPTERS IN SUPPORT OF THE NORTH SEA OIL
nmIDUSTRY

T C Porteous

When gas was first found in the southern part of the North
Sea in 1964, there were only a few mobile drilling platforms,
some forty to sixty miles off the East Anglian coast. The
navigation problem was relatively simple as there were few
helicopters required to service these rigs, and for the
whole route outbound and inbound the crows were in VHF
communication with their home base. This led to easy control
of aircraft movements and ensured safety throughout the
flight as position reports were easily made every ten minutes.
Position Was determined by the use of the D)ecca navige-""cn
system, initially by pilots plotting, Deca co-ordinates on
he charts, but soon the Decca flight log was introduced

wit it mst sef-1moving mpdi~play, bn which -'he
required tracks could be drawn. 'n oil was discovered in

r the north, the e:xloration rigs were much further offshore,
but were not initially numerous. Therefore, the same
navigation system was used with direct tracks being drawn to
each installation. Separation was assured by helicopters
flying outbound at certain heiIhts, and inbound at other
d6esinated heights. Because o the distances involved,
usually between 100 and 150 miles from the Aberdeen or
Sumburgh bases, H? communications were used to make the
necessary safety position reports every ten minutes,
although the flight watch was invariably transferred to the
destination installation when the helicopter came within VRF
range of it. To help in identifying the'target rigs, these
installations had NDBs, usually of different frequencies.
Because frequency allocation was sometimes a problem and
frequency coincidence happened, NDBs would not be activated
until requested by the helicopter crews. Although initially
most flying was done under visual flight rules, he few
instrument rated nilots if flying above cloud, could use the
NDMBs for procedural led downs.

The fact that not all crews were rated meant that on bad
weather days aircraft had to fly close to the ground at
what ever height they could achieve without entering cloud.
This could have had a disastrous effect as the number of
helicopters involved increased. The single most important
development in recent years has been the wide spread
achievement of instrument rated crews, thus permitting
aircraft to fly at sensible altitudes so that an acceptable
air traffic system could evolve.

Captain T C Porteous is Chief Pilot Technical Services in
British Airways Helicopters Ltd.



Present

Since these early days, the search for oil has grown in intensity
and there are at present some 34 fixed production platforms in the
Northern UK sector alone; In addition 31 mobile installations,
excluding diving ships, crane barges, pipe laying barges, drilling
ships, exploration rigs and fire fighting vessels. All have to be
serviced, that is, men and materials transported between them and
shore bases, on a regular basis. Because of formalised work
patterns, most of these installations need more than one return
ourney per day; for example the 'Forties Field, some 110 miles east

of Aberdeen, consisting of four main platforms and one ship, has on
average 10 - 12 S61N helicopters to and from it daily. Therefore,
you can see from the wide scatter of locations to be supported,
and by inference the large number of helicopter movements to be
planned, a traffic system acceptable to all concerned had to be
devised, with accurate navigational integrity, In the south,1 because there are few mobile installations and because there are
relatively few helicopters in support, some 9 return flights
from my company's base per day, the old system of direct tracks to
and from the rigs can s3ill be applied. However, an added hazard
exists in the form of military activity. So special helicopter

t zones have been established to protect these helicopters to a
degree. The navigation systems used are Decca, Danac, and on at
least one aircraft ON'TC, which uses VLF radio beacons and 0MZGA.
More of this later. Further north, out oP Aberdeen, there is an
arc~of offshsre installations between a bearing of approximately
C30w and 120 degrees. :o ensure safe separaticn, all aircraft
going outbound fly on certain radials based on the Aberdeen VOR,
beacon, and returning aircraft fly on other specified radials. For
example, outbound to the Claymore Field, the radial is 051, inbound
is 0 4. In addition to keeping strictly to this radial separation,
the aircraft fly outbound at 200 or 3000?, and return at )500 or
2500?. At altitudes above 30001, aircraft fly under the
internationally recofnised quadrantal separation system; at
altitudes below 100-air traffic will fly at designated hundreds
of feet, and keep a sharp look out and listening watch! Right up
in the north, out of Sumburgh,the problem of track provision is
different. Most of the destination installations are basically in
the same area, that is the East Shetland Basin. Therefore a
system of parallel tracks has been established for outbound and
inbound traffic. Complications which could arise from different
airfields being used, like Unst in the far north, are overcome by
having specified joining positions, and crossing points. Aircraft
from Aberdeen to the East Shetland Basin must join this system.
They do so from either overhead Sumburgh, or by joining the tracks
at specific positions. Most aircraft are fitted with weather radar V
which have a mapping mode, and this helps pilots to "see" rigs and
platforms, although up until now there has been no way of
identifying these targets. However, used in conjunction with rig
DNDB equipment, to ensure a clear area ahead, crews can perform a
letdown through cloud to make a visual landing. Unfortunately,
there are so many installations offshore now that dedicated
frequencies are hard to find. I'll talk more of this problem
shortly.

Si i i .......... ........ ....... .......... . ......- ......



Now, I'll return to the question of control of this air traffic. In
. ! the South VHF communication with home base, the local RAF control

at Coltishall, and the rigs is very clear. Out of Aberdeen, the
airfield primary radar watches over aircraft in the potentially
dangerous closest 40 miles, potentially dangerous that is for

. aiarcraft tend to converge on each other. Beyond 40 miles and out
to 80 or beyond if possible, Highland Radar watches the aircraft
with a secondary radar. Almost all of the helicopters now have
transponders which identify individual aircraft. Beyond the
rage of Highland radar, aircraft revert to the flight watch
system, where they report their positions relative to the Aberdeen
VOR every 10 minutes. This call is made on VM to a rig or
platform within range or on HF to home base and is purely a safety
device to let would be rescuers know their last known position
should they disappear. Out of Sumburgh, the parallel tracks are
flown by reference to the Decca flight log. The airfield radar
controls aircraft out to 25 miles; Shetland Radar, based on the
northern island Unst, provides control out to 80 miles or so, at
which point aircraft transfer to the East Shetland Basin frequency
of Viking control. The East Shetland Basin is a very crowded
terminal area. Despite this, all control is exercised by voice
only; there is no adar control available. Consideration has been
given to providing radar, but because of the number of production
platforms, by their nature producing oil and gas,'it is felt that
radiating radars could cause fire or explosion hazards. Therefore,
to date, helicotters are controlled onl by voice, reference beingl
made to reporting points, necessarily relying on the crew
inter*,retation of existing navigation aids,

I have mentioned the main aid to navigation, Decca. The Decca Mark
19 is a very reliable equipment, particularly in this part of the
world. The accuracy is needed to describe precise tracks as
already explained. The latest aircraft on the North Sea, the
Sikorsky S75, has not enough room on the instrument panel to place
the Decca flight log, and so crews have come to learn how to 1441
operate with Decca Tans, Tactical air navigation system, which K
uses a Decca 19 receiver, and to do without a valuable pictorial
representation. The main value of the flight log is in being able
to picture where other aircraft are in relation to yourself. For
example if an aircraft is reported at 90 miles on the' 087 radial,
a pilot can see that position on his flight log and relate it to

* his own position. However progress is away from this, although
other forms are becoming available. Other navigation systems are
being tried, but have generally proved not to be as accurate as
Decca. The VLF/0mega system ONTRAC is in use on an aircraft in

/.. #e southern North Sea, but even over such distances, its accuracy
h his been disappointing. GNS 500 is another ILF equipment, and
although several aircraft have used it, its accuracy is not as .........
good as Deccals.

, i ture

So much for tho present. I mentioned the difficulty in providing
dedicated NOB frequencies for all rigs. Now that most helicopters

in the North Sea are equipped with airborne digital weather radars
with beacon mode capability, it is possible to install X-band coded
transponders on rigs, and perhaps approval can be obtained to use
these signals to identify rigs, rather than NDBs and develop a
let down technique that does not require the rig to be dver flown.



Now that Tans is a part of every day life, pilots are getting used
to this new generation of 5ystem. Tans is itself regarded as an
intrim equipment, with 1) %4y points (that is selected
destinations or turning points) along and across track readout
capability, ground speed and wind velocity functions plus reverr ion
to dead reckoning should the receiver fail. The advanced system,
Decca Rnav, will have all of this plus the enhanced capability'of
100 way points and will be capable of receiving VP, V0R/ZM: and
Decca. The use of the data link system is envisaged as a possible
means of circumventing the short comings of radar control in
environmentaly highly sensitive areas. A series of trials is
under wa and phase one was satisfactorily completed lasot April.
During this trial the capability of S61 airborne equipment
automatically to transmit signals of sufficient strength and
quality to pass useful information to be re roduced on a tele-
printer was proved. Ranges over which the trial was successfulwere up to 80b+ miles using VHF and 150 miles HF. The secondphase

of the trial should take place next spring and will prove that
relevant information, for example call sign, position, altitudes,
destination can be transmitted and presented in a form that permits
use ina control situation. This iiformation could'be displayed in
tabulated form or, more efficiently in my view, on a display
similar to the normal radar CRT display. This latter presentation
would be most advantageous because each data link, aircraft would
be interrogated from a ground station every 6 seconds, and just as
in the aircraft, the changing pictorial presentation is of most
value. There, however, is the weakness in tzie concept; all
a-rcraft o-erating within the area in questCn would have to be
fitted with this equipment if ground control were to Ie exercised,
I do nor believe this is a barrier, because operators in the North
Sea have always shown themselves eager to improve the safety of
the whole operation.

Up to now, helicopters have lagged far behind the fixed wing fleets
in avionics fits. We are only now seeing helicopters flying with
flight directors. My own company is progressing directly from the
old fashioned artifical horizon and compass to fully coupled flight
directors. We have a Bell 212 based in East Anglia which is so
fitted, and our S76 aircraft are similarly equipped. We have found
this equipment extremely valuable and its integrity is assured. The
equipment flies the aircraft more consistently accurately than the
pilot who merely has to instruct the system by heading, height,
rate of climb, navigational selection inputs. So, we are
proceeding to where pilot induced inaccuracies are reduced, or
completely eradicated, and the accuracy of equipment is the base
line. However, more is being done, and the whole question of
computerised flight management and maintenance surveillance
systems has been opened up with a view to providing navigation
6nformation which can be fed to the flight'director. The basicfliZ1t manlagement system considers such items as aircraft weight,

outside air temperature, air pressure and will inform the pilots
by way of a digital read-out or CRT presentation what its altitude
and speed should be for best fuel consumption. It can tell him
what maximum range would be if he entered icing conditions, or if
he had an engine failure,

Maintenance surveillance takes the form of selected inputs being
retained in an aircraft computer to be either interpreted by an
engineer directly from the CRT, or drained electronically from the
aircraft to a maintenance computer in the main engineering base.



You may have read of a US Coastguard system under development
* which aptly describes the way ahead. it combines Navigation,
I N Guidance, Flight Control, Communications, Cockpit Controls and

'Displays, Sensors and Maintenance monitoring to provide a total
I ission capabilit. Much work has been done in this country, andS I believe that a Britishs stem will be flying this year which

will be every bit as capabe as the US one, and will have other
V features such as the ability to navigate by reference to NAVSTAR,

the Global Positioning System based on satellite reference.

Wumary 
Ut

In summary, then, navigation systems for helicopters in support ofthe North Sea oil industry have taken great strides in the last LI

' 15 years or so. We have come from simple, direct track flyingWhere the rig was identified visually, then by a coded NDB. to

sophisticated track systems designed to ensure safety at ail times.
We are now seeing the beginnings in the helicopter worlo, of
aircraft being controlled by navigation systems which are merely
selected by the pilot, and which are being more accurately flown
than in the past. I believe we shall soon see data link systems of

* reporting and control in terminal areas, particularly offshore, and
navigation systems which take several inputs, the moat accurate of
which will be selected by the on board computer and fed into the
aircraft system.

i do not see t.he pilot be±ngreplaced by these :omputers, but
' do see these fascinatir.g systems er-.eanc-.i.g safety, economy and

larcy bey=.d an7hing we cou.d imag ne only a few years ao.
1P"
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THE DEVELOPMENT OF MADGE AS A PRECLSION APPROACH A;0

FOR.HELICOPTE9 OPERATIONSON AN O'FSHORE STRUCTURE.

H.L. Derwent and D.E. felmore

The Operational Requirement

Following early work by British Airways Helicopters, the
British Helicopter Advisory Board (BHAB) Oubmitted a 1Civil. Operational ..
Requirement for a Helicopter Instrument Appruach Aid" to the C.AA.,in
the mid 1960s. In, 1969 both NATO and U.K. MOO issued operational require-
ments for a Tactical Landing System ror all classes of military'aircraft,
which encompassed the civil opermtional requirement.

Following flight trials in 1976 which involved the Royal
Aircraft Establishmento,the Department of Energy, Shell (UK) Exploration

A and Development Ltd,,' ristow Helicopters Ltd., 8ritish Airways

Helicopters Ltd., BHAB and MEL an optimum Flight profile For the use. of,
helicopters offshore was evolved.

An Appendix was added to the SHAB operational requiremenmt in
1978 titled 'Operational Requirenent for Precision Approach Aid forHelicopter Operations to Offshore Helipads'.

Stated simply this operational requirement included:-

a) Azimuth and Elevation Guidance.

b) Precision D.M.E.

c) Volumetric Coverage.

d d) Offset Azimuth Approach Path.
a) Offset Glide Slope plus level segment from 0.5 nms.

f) Visibility minimum of 300 metres.

g) Minimum Decision Height of 100 ft. ASL.

h) Multiple Approach Headings (ODMI).

4 Mr. H.L. Derwent, Manager, Interferometry Division, M.E.L.
Mr. D.E. Helmore, D.D.A.9/I,., C.A.A.



MADGE System Development

The basic MADGE military system consists of:-

Aircraft System

Transmi tter/Receiver

Logic Unit

Antenna System

Pilots Controller

Display System

Ground $tatin,

Elevation Antenna Unit (Passive Glide Slop*)

Azimuth Antenna Unit (Passive Localiser)

Transponder with Omni Antenna

This system was designed to provide landing guldincs"to 81 a classeL_
of aircraft in visibilities of 400 metrts and decisido height of100 'fet it),
any battlefield environment. The operation of the systim 'wi be deacribed,

This system was demonst.ated in prototype form i n '197 4, 4:975 ard
1976 at Penzsnce with British Airways Helicopters Ltd.,,and 4n France and Ital y;.

The offshore system was developed from the Tactical System' and
consists of:-

Aircraft vSystem

Tranamitter/Recever

Logic Unit
Antenna System

Radio Altimeter Interface Unit

Offshore Pilots Controller

Display System

Ground System

Azimuth Antenna Unit (Passive Localiser)

Transponder with Height Diversity Antenna

Offshore Processor 4
Data Recorder (Optional)

Monitor Beacon

Turntable Assembly

The operation of this system will be described.

This system is installed on the BERYL 'A' Platform of Mobil North Sea
Ltd. and in three Sikorsky S61 Helicopters of Bristow Helicopters Ltd.

* I d111



A programme of Approval and Certification has been carriedi out since
the equipment was commissioned in mid 1979.

Apprvaland C~rtifioation

The ILS CATEGORY 3A partition of risk and integrity criteria have been
u4e ahe the basis of the General Submission for the Approval and Certification

Af hIAOGE Offshore System.

The flight trials programme will be described and current status of
t the programme will be reported.

DII,



THE APPLICATICN c IERL AND ASS0CIA AZ7 W Gn CE

By W.H. MolWnlay

a varety o operational roles. Consequently, there am many
different navigation requirements. The purpose of this paper is to
eamine these different navigation zequirements and also to consider

the exotent to ich they can be mat by autonrus or self-cm.taimed
systemu.

2. 9t. Many civil helicopters operate in highly
deeloper conering MT seve with standard navigation aids.
mandatory radio aids. Consequntly there ±a not always a came to
fit an autonoous system. Hmaver, helicopters are also used world-
wide, particularly in oil or gas fields. They therefore require
either a self-ccntaineod system or a universal ound-based aid such
as Omega.

The =ot stringent reuiraments for position finding a.. ly to
helicopters which are used for survey pux-oses. The accuracy
requirement is of the order of 10 metres and this has led to same
interesting work which will be described Ilater.

Arny helicopters operating over land fly at extrerrly low altitudes.
Because they eploit the terrain by flying up valleys or round
obstructions, they do not have a navigation requirement to follow
pre-planned tracks. They do,however, require the most acra-xate
navigation possible so as to be able to locate themselves continucusly.

Many helicopters are used In naval operations, largely because they
can operate from quite wIl ships. They require a navigation
system which can be ru. up on board a nving ship and which will than
give continuus position data with the minimnm dependence on ground
or ship-borne transmitters.

All these requirements can be sumd up by saying that civil
helicopters operating in an airways environment do not noa.ally
require sIf-ontained systems. Civil or naval systems for world-wide
use require position data to within about one mile. An' helicopters
could use high accuracy systems if they were available within stringter
cosat and weight limitations. There are prospects for any system

* , which can help survey operations in territory in which no ground aids
axe available.

3. Possible Navigation S,stoms. The navigation systems which can be
considered are either externally derived or self-contained.

.1 The externally derived systems are outside the scope of this paper.
Apart from the standard aids used in airways systems the two os=t
interesting developwts axe Omga and Naystar GS. The latter
system is not yet operational but clearly any future thinking about
W.H. McKinlay is with Fer'anti Limited, Edinburgh



helicopter system should include the possibility that it will becona
available on a wide scale.

The Dppler navigator is the most popular self-contained system. The
radiation from an airne tra nsmtter is reflected from the terrain
and when it is received the Doppler shift is measured to give two
con po, ts of velocity, along and across the aircraft axis. Conseuently
it is possible to relate these velocity ccmonents to earth's axes
provided that aircraft heading can be measured. In practice, headinq
errors dominate the system error.

The mplest system for measuring heading is a standard aircraft gyro-
magnetic conpass. Its accuracy is dcminated by that of the flux valve
which is used to relate the gyro heading to the earth a magnetic
reference. ?tre accurate heading system make use of inertial tedwcqnoy.

4. Inertial Systems. An nertial reference consists of an assembly of
gyocoe and accelexm ters which can be stabilised so as to masure
vehicle accelerations in two rectangular horizontal axes. Successive
integration of the accelerations gives velocity and displacemont. Current
systems include a stabiliseod platform with gimbals to isolate the
inst rvmnts from vehicle movements. It is, however#, possible to strap
the sensors down to the aircraft structure In which case their outputs
include its anqular movements and the qimbal function -is machanised in
software.

it :is necessary to allow the system to d te=ine true Nor-th so as to "

relate its ouv.puts to earth'. coordinates. This is done by causing it
to gyro-co nass and find brth to within al:ut six minutes of arc. The
best available ageatic references have accuracies of the order of one
deg-ee.

A pure inertial system is subject to errors which propagate with time
and include an 84 minute Schuler oscillation.

It is possible to use an inertial reference in a hybrid system which also
has a second input of velocity which may be from a Doppler system or an
externally derived radio aid.

it is possibl to update helicopter inertial systems in one way which is
impossible with fixed wing aircraft. If the helicopter alLights, the
velocity seen by the IS will be zero in earth coordinates and this track
can be used to udate the system.

5. Helicopter Inertial References. The following is an approximate conparison
between the accuracies of a number of autonomus systems. They are
expressed as a percentage of distance flown. Exact coznparisons are
difficult unless the errors of alternative systems are modelled in the
context of particular flight profiles.

A Doppler systom based on a gyro-magnetic comlpass has an accuracy of about
1.5% of distance flown. This accuracy will be degraded over the sea
depndwng on conditions and a full definition of such system behaviour is
outside the scope of this paper. A reasonable assumption is that the
error will not exceed 2% of distance flown.

An inertial navigator operating in a helicopter should have an accuracy of
about .8% of distance flown. It is not possible to operate inertial
system ftm ships without special aligunt procedures which take



acount of ship's motcn. Cne possibilty is to align the Inertial
system as if it were a magnetic reference and operate it in a mix with
a Doppler. The accuracy will start at the mam level as that of ai Doppler sysItem bu as the airre alignent proeedx it will improve.

' Thi e ula~ te potential acc=acy of ireA rasstm is ommiderab
... f geater and it is possible to fLra references o pecial airbone y ste

with accuracies of the ozter of .30 of distnce flow.

F na 11y, inertial sur system can attai.n su1b-ast. accuacy when

velocity updates are carried out at intervals of frcm 4 to 5 minutes with
at least 20 seconds spent in contact with the ground. The muuzed
velocity e*=Or is fitted to a =quted error cumv which can either be
extrapolated back in ti or forward to inprove the position computation

6. Conclusions It has been shown that pure inertial syste. ard hybrid
systems incluing IN and Dopler ae both possible. Inertial systems tend
to be more accurate and the technology has reached the stage at which
accuracies from It of distance flown down to sub-metre position errors
are possible.

The inertial reference has a number of advantages over other autoncmous
systems or external radio aids. It des not depend on ground-based

j transmitters and in military se it does not radiate, einq thus non-
detec ble. An ine.rtia. senscr can be integrated ino an avionics
package to gi've : xree conpone.ns of veloci:y as well as heading and
Atti.:de Inforrtion, all o! which are va"uable in .ligh cot= l. The
sensor outut i smooth and is therefore ideal for use in a hybrid system
having r-adio Ln.puts which ax~s eithe n~oisy or liable o interrpion,

Inertial sensors are becoming mmller and lighter. In many current
installations, the weight of an INS is about 25Kgs. This is now coming

TJ down to 17Kg. with prospects of sensors weighing as little as 7Kg. All
inertial system include digital computers and can thus accept other
computing tasks as part of an integrated av inic system.

So far the main applications of inertial technology have been in fixed
Y" wing aircraft, missiles or space vehicles. The technology has matured

and th emphasis is now on smaller, lighter systems. The application
area has already extended to land systems and inertial surveyors. Next-
generation helicopter systems should provide new opportunities for ZN
a and in particular for its inclusion in highly integrated systems.

.. ... ...
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iw.ICOPrM NIGHT VISION SYSTUzS

v-

Dr J. No Baz'reltj ?light Systems Departmentl R*.J. 1Parntorouagh

mt rodzot i on

Over the past several years, there hu been an increasing emphasis
within the military field, on the development of avionics systems which
will improve the day and night operation of helicopters, This has
followed the realisateon that the helicopter has an inoreuaingly
important role to play, which can only be fulfilled with a true all-
weather capability. This paper examines the impact of these require-
meals on the low level mission at night aend in poor visibility, and
describes the exploration end development of different forms of electro-
optical imaging systers.

In normal day visual meteorological conditions, the helicopter is
designed to be used for a wide range of operational m ssions. This
flaxibilitV of operation particularly at low level, dependsa to a large
e:cten' on the pilot's ailit7 to maintain visual frouni contact in order
to Ue. .tify Ln . recon.ise feat.res. When Cround oom toa is prevented by
low seen illumination or poor visibility, the mlssion capability is lo1,
p&rticularly for those misions involving flight at or below the local
obstacle clearance level. To re-establish the mission capability under
these flight oonditions, it is not sufficient to present the pilot with
processed flight or navigational information, Rather, ieans must be
devised to provide the pilot with some indirect view of the ground, to
re-establish ground contact Ld restore the mission capability.

:n the commercial field, there is also growing interest in the
poshible exploitation of military all-weather aids to improve off-shore
helicopter operations. This application in more tightly oonstrained by
economic considerations, but this paper describes a system which could
usefully used as a self-contained approach and lending aid for opera.-
tions in the North Sea, without the overhead of an expensive ground
guidano, equipment installed at the landing tone.

The research programme described in the paper wax run b the
Helicopter Section in the D-,play Division of ?light Systems Department ,mainly using the Royal Aircraft Establishment Sea King helicopter which
was equipped with a number of elotro-optieal imaging systems and

supporting avionics.

Airborne System Descriytion

Various forms of night vision systems were investigated during the
trials. The first comprised a forward-lookine externally mounted
sensor, driving a 220 mm diaonal head down display mounted in the left-
hand instrument panel of the cockpit. The early trials were done with
this lystem to highlight the fundamental problems.of using a television
image of the terrain to pilot the vehiole, and to establish the

Dr J N Barrett is Head of the Helicopter Section in Flight Systems
Department at the Royal Aircraft Establishment, Farnborough.

- i i I 'I



eseential requirements of the system in terme of camera field of view,
resolution and imagemagnification presented on the television monitor,
together with the supporting navigation and guidance systems required to
achieve an acceptable safe operation.

For the purposs of the night vision trials, the Set Zing wos fitted,
out as a flyi ne laboratory with special video prcessing and data recordSine

facilities. Three types of sensor were available on the aircraft. ",e nose
Of the Sea King Was modified to accept a Forward Looking Znfra,-Red Sensor
contained within a panning and tilting platform. An intensifier imae
Isocon low light television was mounted on the starboard side of the airframe
immediately below the cockpit. In additior for training purposes, a Vidicon
daylight camera was rigidly mounted in the corresponding position on the
pert ide of the airframe, each sensor output could be selected individually
on to the electronic head down display by a selector control itn the cockpit.
To augent the sensor information, a symbol generator was used to provide
overlay flight information on the TV image. This comprised height, speed,
heading, attitude and vertical speed. An essential part of the overallnight
vision system was the navigation aid. This comprised a Doppler and & Wro
magnetic compass system coupled to a TA23 digital navigation computer.

During the series of light trials pue ve .ight gogles were also
evaluated as an alternative type of night vision aio. Their advantage over

The .. ht visi.on concept whic'h combines the advantaoes of a= Le.vrnal ly
mounted sensor, with the look around capability of passive night goggles is
ths visually coupled helmet mounted display ste.This councept~ to date hus
on." been evaluated in a flight simulator, but will be flight hested in the
Sea Xing commencing in early 1981. In the normal airborne installation, the
visually coupled system comprises a head sighting system coupled to a slew.
able platform in the nose of the aircraft. Within this platform, a suitable
night vision sensor is mountoed either low light tolev3a-on (LLT7) or
Forward Looking .nfra-Red (FLIR). The sighting system measures pilot head
anguar orientation in aLimuth and elevation, and these signals are fed to
the platform so that the night vision sensor is looked to the pilot's line
of eight. The sensor output is fed to a helmet mounted display which
presents to the pilot a collimated scene image at unity magnification. As the
pilot moves his head, the platform follows giving a continuous view of the
outside world as if the pilot were looking through the windscreen. Because
of the elevation coveraCe, the pilot can actually 'look through the floor'
of the helicopter vertically downwards. Provided potential disorientation
effects can be over ome, the visual coverage at night in much greater than
with passive night Coggles. This can be very advantageous during search
and rescue missions or when landinC in a restricted site.

* S.,?tem Assessment

During the ea.rly T flights, it was found to be difficult to assese aircraft
height or speed by reference to the two-dimensional TV imaCe. Frequent
reference had to be made to the aircraft's conventional instruments,
particularly the radio altimeter. Also the pilots were relu.ctant to take

their eyes off the TV screen, because ground features were be;t recognised
during the few seconds when they appeared in the immediate foreground of the
picture. For these reasons overlay flight information was added to the

NO0



forward view as this was felt to be essential to the piloting, tk. The most
important piece of flight Information was felt to be radio height, and this

* was presented a a digital readout on the right-hand side of the T7 screen.
The second most important piece of information was fell to be headinC.
This became apparent after sme pilots become ,loatO on what was to them a
well known routee With heading available lhe pilot would know the heading
to mieer to the next known gound feature without having to soan eroas to
the horizontal situation indicator. Additionally, attitude information was
found to be essential for 6rint.e tion purposes espeoially when flying towards
sloping or rising ground when the real horizon could disappear out of the
TV field of view.

For the first part of the T7 trials, a basic training route was aed for
each sortie. Although the evaluation pilots were thoroughly fmiliar with
this routse, navigation from memory whilst flying on the TV still proved. to be
ver diffioult. There was a continual conflict between wanting the widest
and the highest resolution to identify those features, which only came with

the narrow fields of view. A compromise had to be accepted, and because the
~ pilots tended to favour wider fields of view for flight at lower clearnoe

heights, a horizontal field of view of around 40* was selected. When flyin;
at 100 ft, foregound feature. became markedly larger than at 300 ft And.
hence some reduction in their aubtaense by inoreasing the camera field of view
could be aocpted without pilot performance loot. Howeve'r, at 100 ft the
whole aspect of t he terrain was diiferent. iroups of trees tor exampe,instoal of hav!nC % :ec~ aisble plan-'orm 'tdook on a tot:yI diffPerent

resulting loss of the horizon, Theme effects are commonly experi.eneod w henlow flying, but were greatly aplified when u.sng the TV a:,stem. The overall

J, effect of reducing clearance height appeared to be that height judgement was
euer than at higher altitudes, but navigation and orientation more
difficult. All pilots found that at nikht the navigational task wau more
difficult than during the day training flights due to the reduced image
resolution and dependence on feature contrasts for identification. This led
to a Creater reliance being placed on the Doppler TANST navigation sstem as
back-up, with the safety pilot readinl off range and bearing of the next
turning point. All pilots found that at night they d'id not have the spare
capacity to operate the TANS wh ls flying on the TV picture. Although it
was originally intendod to maintain around 90 km whilst flying at low level,
the flexibility of the helicopter was not ignored and speed was frequently
reduced when the pilot required additional time to unase a eituation.

ASter the ver7 promising results achieved in the earlier states of the
trials using the basic training route, flying was undertaken over essentially
an un)nown piece of terrain at low level by night where the navigation aid
was supplemented by a moving map display. This moving map display was
up.-dated from the TAA navigation computer. Within the confines of this
'advanced flying area' various routes were flown uning way points. In
addition tactical flying was undertaken a-ong valleys taking :dvantaCe of
ground oover. Another feature available at this etage in the trials was the
"headin to-steer" director or. the TV display. This enabled the pilot to
seleot the next way point previously entered in the navigation oomputer,
the steering direoter when nulled providing the correct aircraft heading to
this winy point.

Over the advanced route flights were undertaken at low level both by
day and night. Although the work load and degree of concentration required



were high, they were well within the pilot's capabilities as evidenced by the
faOt that same monitoring of engine temperatures and presures, and dialling
in of now radio frac'aenoies could be undertaken. It was felt that this wa
achieved due to the large amount of experience already built up on T7 flying
along the training route. The moving map display was found to be easy to
use both by day and night. Its central position between the pilots wu not
ideal for viqwing by the evaluation pilot, but this onl7 beoame a real problem
when the aircraft's position was close to the edge of the map strip and the
pilot's look ahead capability was temporarily lost. Socauss the aircraft's
present position on the map was s rmined bly the combination of the roller
and cursor positions, the map was not track orientated, and the pilot had to
scan the map for several seconds I aletermines track doparturaui. Once the
desired track and selected way-pointis were marked on the roller map, this
problem was overcome to a large extent. For unplanned tactical flying
however, the pilot had to look away from the TV picture for several seconds
to gain an impression of aircraft movement. This initially caused work load
problems which disappeared as experience increased, When looking away from
Ithe TV picture the pilot's reaction wa to increase height. Under some
situations, height gains of 100 ft were experienced, but this was found to
reduce with pilot learning. With the addition of the headini-to-steer
directer on the TV picture the total pilot work load was further reduced when
flying direol7 between way-points. In this situation the T.0t3 computer only
had to be referred to for the selection of way-points. When navirsting using
the rael# map and steering direoter, the TV pioture was a'd .o oonfi.rm the
aircrzf'1 position azi zrevent the clearance height 'beccmizf *,:a lcw. Thus'1 the 7is usx~ed &. socoiary role in the tavigation +55k. This aitution wus
reversed .! a hs.nd-held map wsa us4i, Here so much time wu zen '.-.erta..
the na11VifatiOn1 task 1A conjunction with the 71 pi.ctur~e as ihe airorzfl heirki
could noi be monitored satisfaotorily, This in turn demanded a second crew
member to ,Ltdertake the piloting. The accuracy of the Doppler 7flS system
was adequate for all the night flying tausk, although only a A0 fozard
seent of the terrs . could be sen this wan adequate under moat circumstancesi
to up-date the drift in the Doppler system du-ring long sorties. Fu rthermore,
if the TANS and moving map display were correctly set at the begianing of the .,.I,
flightp, the system did not need to re-fixed during a typical trials sortie. (,ff f
Overall this would indicate that a oelf-contained navigation a. of this
sophistication is adequate for the task of flying a helicopter either unalied
by day or with the assistance of an eloctro-optical system by night.

Night Vision Oocclas

In general, many of the problems of the TV system which were caused by the
fixed camera and limited field of view were overcome with the night vision
gogles. However, a whole new range of problems wu fopd. The pilot still
required information from the instruments. With the 40 field of view bi.
foal goggles, this could be acquired by using the lower near focus section
of the goggle optics. However, the depth of field was not adequate to allow
the pilot to use all the instruments without loaning backwards or forwards to
bring them into focus. Some illumination of the instruments were required
and in many cases the minimum settings were far too bright to %e usablewith V..
the goggles. It was necessary for some lighting to be on for .he safety pilot
to mon4.or the flight ad engine instruzrentso This lighting caused reflec-
tions in the transparencies which under some conditions could obliterate the
pilot's view through the goggles. Towards the end of the trials, a new sys:em
for viewing the cockpit instrument3 wan devised which eliminated all the ....
problems described above. The image intensifier tubes fitted to the goggles
are most sensitive to light with wavelengths towards thered/infrs-red end of
the spectrum. Portunately, light refleoed from the terrain at night is

' tifl 'l'II
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predomixastely toward.s the same end of the spectru. The addition of a red
(minus blue/green) filter to the objective lens of the passive night goglles
los not result therefore in a serious loss of performanoe. Th addition, the
low sensitivity of the goggles to the blue/green end of the spectrum mea=
that this colour can 'be uuad to illuminate the cockpit at a reasonably high
level without overloading thi goggles. To implement this conoept, the goggle

* , objective lenses were fitted with a red filter containing a small blue tinted
con-tex lens in the centre. The focal length of this lens was chosen so that
%he instrument panels anid consoles in the aircraft would 'be in focus. "heA
cockpit instruments were then floodlit by bclue/green light. This light was
accepted by the small lene. into the goggle objective and rejected by "he red
filter. Because of the smell size of the convex lens relative +o the total
gogCle objective and the insensitivity of the image intensifier to the. blue/
Creen light, the lighting level in the cockpit was high enough to read a
standard map without difficulty for the o-pilot who was not wearing goggles.
Also because of the small s me of the convex lens, a large depth of focou

[ ' was achieved, some .25 metres compared with .05 metres for the previous bi-
* focal arrangement. The advantages of this system were a follows; without

refacusingl, the instruments and outside world stayed in focus over the
complete field of view, stray intertal reflections did not affect goggle
performance, the depth of field when viewing he instruments was so r.ea# that
no adjustmentmtnt of the filter or lens characteristic was neeood two cater
for variatioas .n aircraft ocnfiguration or pilot size., In addition, 'he crew
member not wearing goggles couli use the navigation 3s7sem, and movin map
displ.y with l'ttle dt * f,,u-,, Vaereas before in order to read the mcv-tng
map or the T)0M',cmputerf the solf-lumInnous rladOllts hadw, '04c turned -td a i

m'-m and "hen cnmly turned up when req% red *.o be read "y the cc-piloi.
Overl . *.he navs.ys-cn stem required for use with aght goggles was :ound
to be the same u for the .-ed ensor sytem. Alhouh t.e goggles wllowed

* full look aroun. capability thi..s did not 'obviateo the need for the roller map
display, because the pilot wearing the Vogles could noi un ertake the full
piloti~ng and, navigation task over unknown terrain without assistance f.~cm the
second crew member who relied on the automat c up-date of the roller map
sinoe he could not himself see the outsidie world.

The flying undertaken with the passive night vision goggles demonstrated
that they offer a viable alternative solution to the night piloting problem.
Al-hough having a theoretically lower performanoe oapabilit than low light
television or forward-looking infrs-red they can be used down to comparable
lighting conditions, possible due to their unity image magn.ficition and the
ability to scan the soene.

Helmet Mounted Display

The flight simulator trials demonstrated the feasibility of this type of system
for piloting a helicopter at low level. The main advantage of the system is
that it provides the pilot with a complete ook-around capability, where the
area of coverage is dictated solely b7 the platform freedom. In addition, Ii't:
the night operating capability is determined by the platform mounted sensor,
which is not constrained by apart-are size ar. unit weight in the name way as
the passil!e night goggles. The main human acthore problem is that the image
is injected into one eye. This causes binocular rivalry which could
produce serious flight safety problems when operating at low level. It wu
concluded that the development of a bioculap viewing system was mandatory if
the visually coupled system was to be operationally viable. The trials also
demonstrated that overlay flight information on the image from the helmet
display was essential if pilot disorientation was to be ptevented. The trials
also demonstrated that platform slew rates Ld acooelerations were critical

| i5i



in maintaining orientation and it was found that in order to prevent peroeiv-
* able lag behind pilot head movement the platform required an angular a&oceler,-

tion of the order of 900 - 1000 per second' to reach a rate of 1200 per
second. The system also had to be critically damped to prevent over-shoot
or under-shoot. When system lap were present, the pilot was forced to
reduce his head rotation rate to keep the platform in step1 and this not only
added to the general task level, but prevented the pilot identifying targets
of opportunity. This problem was highlighted when flying at very low level,

Ssince small undetected descent rates could q.iokly increase whilst the
pilot wu looking off track, resulting at best in large uncontrolled collec-
tive inputs, and at worst in a oruh.

Navigation was not a problem using the helmet display when a pro-planned
route wu followed, and the way-point number, range to that way-point, and
the heading to steer were presented on the overlay symbology, together with
the basic flight information. Unplanned navigation over essentially unknown
terrain was only possible " a two-crew operation, since the pilot was unable
to read a map successfully with the left eye and relate this to the outside
world Lmage in the right eye. il,,

Approach and Landine Aid

One aspect which hu not been discussed hitherto in this paper, is the use of
an externLI sensor as an approach and landing a.id, furink the trials of the
syst am fitted to the Sea King it wax found, .hat an altern..ve approach

* toahiqe h.Aad to 'ce developed to ;revant the r.--Way disappangotf the
camera field of view. Normally during an approach the helicopter is fl.ared ill
severas. deptes nose up to wash forward speed off. Without a tilting facility
on the sensoir this would mean that the landing :one was Ic-, to the pilo fs
field of view, To prevent this the speed was washed off very slowly over a
longer distance during the approach phase so that attitude changes were
minimised. This kept the landing zone itself i the centre of the sensor
field of view continuously. The hover and landing phase wa found to be very )
difficult initially using the two-dimensional TV image. Pilots experienced
difficulty in resolving the difference between forward movement descending or I Q

* pitching nose down. Similarl,7 in aLzimuth ii was difficult to initially tell
the differenoe between a heading change and a lateral displacement. After
some flig.ht experienoe each participating pilot found that it wu possible to
land the aircraft safely with sole reference to the TV display."

This system concept hu aroused considerable interest from a number of
commercial organisations, mince it is seen u a viable approach and landing
aid for poor weather off-shore operations. The forward-lookine infra-red
sensor hu the ability to penetrate certain types of sea mist and fog.
Coupled with a heat souroe at the landing zone it may be feasible to use this *1
type of sensor to lower the weather minima for helicopters approaching and
landing on gas or oil rip. Flight trials to investigate this system concept
further will be carried out during 1901 using the Sea King helicopter with
its currently installed forward-looking infra-red sensor mounted an a panning
and tilting platform.
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POSSIBLE TECHfl'I-UZ FOR WIRE =714CXTON

K Z Potter

Introduction. The problem of helicopter wirestrikes has existed for many
years and ha's been costly both in terms of military hardware and human
lives.

The overhead wire being a smooth linear filament is not detectable by
conventional, microwave radars and so other techniqjues must be considered.
in this paper three possible techniques will be described
1. M.Mwave
2, Pazsive dotection syste~m
3. :0O laser sysrt*M

Accidmnt statistics show t~.at the hi--h da!-aZy Catexories and hence cost
are attributable 'wo collisions -with ov-rh4ad tower c~bles since theLse a&-e

he tckest of a:: cables.* A ..arce effort has erf ieten 19eoted to
solviqn; this ;art~ci.ox er

Power cables are Lnrally farppd:riroin;~ isah;
tensile iteel core su."rounded by aluminium sarinds which iarry t.-e auxrtnt
as seon in Fig ~

One method of detection is to shine a high frequency mm-wave radar onto
the cable. :n aldition to the specular return at normal incidence there
will be returns at other anxies whea the :ath lenxth difference betw*en
strands is a multitp cf half a wavelen~th. :Fi I shows the principle at
i-band f'or which the returns are approximately 21.0 apiart. rn 1principle,
therefore, it should be possible to identify a power cable using a pattern
recopriti.on algorithm which operates on these secondary returns.

Of paramount importance when considering the feasibility of this system is
the magnitude of the secondary returns. Fig 2 shows the radar cross
section per metre as a function of incidence angle for a 2.86 cm diameter
British power cable. It is seen that the first grating return. occur at
*200 and are 15dB down on the main return. The second returns are aboutJi

'250 down and occur at + 430. Field trials carried out using at experim-
ental C-band radar showed that the secondary returns were detectable.
However, as might be expected, in view of t',e 20 spacing of returns the
overall operation of the system was poor since for ranges one -icht use-
fully emnnloy (around I kmn) an insuffliint lencth of --able was -risible to
see all returns due toa masking by trees etc. :ndeed, at Ikm range the
pylons the--selvos are only 20 arart.

However, with the trinciple *stab-lishtd more succqss!ul rISUlts -ight be
fort~coring at hightr frequencies. For exivnrio in the !403Rz window the
returns are every 5' and in the 220G"z wl.ndcw t a *are 30 apart. :n

The author is with the 'Royal lignals and la-iar :stablish-ent, *-alvern,
Worcestershire, England. Ili
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-,addition to the closer spacing of secondary returns at higher frequencies, there
is some evidence that the scattering from cables starts to become diffuse rather
than entirely specular. Fig 3 shows what one might expect to see at 220CHz at
I km range on a C-scan radar display.

Passive detection system

This technique uses the fact that ,iany collisions are occurring in peace time for
which the cables ar4 live and current carryingtand so a passive technique has
been developed to give warning of such cables.

A study of the two fields surrounding live cables shows that there is a larger
energy density in the magnetic field than in the electric field which to;ether
with the ease of coupling this energy using a coil makes it an obvious choice.

The fields from 3 phase overhead lines are quite complex, and their exact magni-
tude and range law depend strongly on the shas rotations and balance between
phases. For example in a perfectly balanced system at 500m range and with
identical phase rotations the horizontal component of field is two orders of
magnitude larger than the vertical component and falls off as 1/. 2 . The vert-

!.ical component falls off an i/R3.

For a more realistic overhead line in which there is a phase unbalance of random
rotation of phases, Fig 4 is a t'rtical result. In this case the vertiokl ccmp-
onent of field is larser than the hrizontal Som.ponent and falls off as */R
whereas the horizontal field falls ff at I ' as hefore. o shown irn g 4
is a range of measured values at 3 .,m g-vi.g a - average flux density :f 4n1,

ThSe rtional . o.i.0hy of the Z-sem is dtetect the cCmtosite ,ec:r .ield
ua..g,3 Thogoa.r o-Cil and to use .. of this -o -"r a
s o o ao the proxii-v- of a ca-cI, 7-he hori."cr.ta. compconn f il
when . ,i.icion" %ZLnitude is "hen used t I.:ate 'ho likely Of
the :a * .

A block diagram of the direction inicatllng sy-stm is shown in 7ig A horiz-
ontal field of InT (ig -4 4 ves a resulti., ,  "N ratio of t"-yical.7y 3Cd " . The
two horizontally sensing coils produce outputs proportional to B sin 0 and B cos
, . These are then pre-ampli:'ied and filtered using an active filter centred on
5O~z with a bandwidth of Liz, and then recti:fed using op-a-n rectf r having
linearity from :.,:- to IOV rms. The two resulting signals are applisd to a
ratio A/ conveo.er having 4 outputs one o! which will exclusively carr:y a
logical 'I' depending on the ratio of the two signals i.e. depending on the tan-

Sent of the angle. The changeover angles for the outputs are 9 a 15, 45 and 75.

Unfortunately the same output will be energised for 0 either +ve or -ye, which
would lead to quadrant ambiguity of flux direction, This may easily be removed
by realising that the relative phases of the two. A-C signals depend on the sign
of the flux angle. One method of phase comparison is to use a multiplier follow-
ed by an open loop op-amp, The output will be a logical level accordin; to

, whether the signals are in phase or out of phase.

:This signal can then switch the ambiguous outtuts of the A/D converter in the
quadr nt selector to drive the arrrcpriate seo-ent of the lies.Lay panel, In
flight trials to date an e*periental system has given Socd direction indication
at rar.nges in excess of 500m 'hich is adecuite for observati:n and clearance

CO laser detection system

, e CC laser is attractive for the following reasons
Si) Small beamwidths in the order of I nrad c.an be achlevred "from small apertures

t trpically 3 ems dia., resulting in a large amount of'intercepted t.rergy even
i): -by small wires.

lNa m .7.
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ii) Duo to the surface roughness of wirte compared to 10.6 uam one can detect
all types of wire and not sicply power cables or cables having a reg ula
mechanical structure.

iii) Com'pared to other laser wavelengthn the atmiospheric attenuatien is Low.
For exampl.e at 300m visibility it , 6s 16 d3Acin.

iv) The tohaoloK7 is relatively advanced in terms of size, weight, efficiency
etc.,

v) The system is-eyosafe, at Itast for yowers envisaged fcr this system.

7he recent LOTAWS' program first demonstrated the .ability of a 010 laser to
detect a fine wire.

The usual field of view requirerttnt for cable warning is 00 0 in azimuth by 450
elevation and since most cables art horizontal, and also to simpli17 calculations

* a vertical scan format is proposed as shown' in Fig 6. To determine the prf
of the laser one must deteirmine two parameters

iThe vertical soon ar-acing in azimuth'shown as 16 0 in F'ig 6.
ii) The elevation scan densivy represented by the circles.

aton.. The asual requirement is that the pilot be given 10 sees of w r~fre sbs ~r~tdfrmacnieaino yia arunitu of.,
Iwires which 6Wz.;the r with typical flyrg sipeeds r:suIts' in a warning ditatnc ^f

am., Cm.

F.'Vshvows a tilot f-ebytwo trqts at t"-.s !nni=-m warnin; sitanCe %
ts se araiea by' iwice the roto-r liameter. .. rA,.r =nCa :icrstcanos t.ne

p .v . "i n.ot hesit* ix. -.1-~twon tlha lines -0 ?oer, if he know .a
a wi was atrutg between the#m he would wish to avoid "If area, 7n order to

* r~7 t hdo -norattion we may poj%,4late tln t i' nust beoo t &I lSast thre
j:"9s or Avertica . scan ever,:' 1.3 'azimuth.

TU.nIns 1. the "roblem of eoetation scan donsity, intuitivel-Y one would ex-pect9
this to be quite high so as not to miss any cal-ls. A detailed anal-!sis cof the
cumulative ;robability of dtetion of a cable in one vertical scan gives the
bt powr probabilit comromise as I pulse overy transmitter boa with, ,a.
te :ans overlap at t~.eir -1dB points,

These two parameters tomether with a preferred frae9 time of !.3 sots. and a
0.5 -,.ad beanwidth gives a required laser p.r.f. of around 100k~z.

The primze task of the laser cable warning system is to asceessfully detect the h
cable on a sufficient number of vertical sCanS t'.at it can be identified as a
cable i.e. either by an observer or automatically.

One mAy postulate that detecting 4 out of 5 scans with a certain probability P
(sCay,) will result in identification and we may call this the probability of

Tab!e* shown typical parameters for wire detection. :1,e tar-It is a 3.3mrm
diamter Ar," field wire having~ Zwerling 2 fadIr5 Char6acter stic-s at an incidence
angle c! C The visib 14ty is '-Cm and the varnins time Is1NsenWt a

be sowntha fo h~h pobailIties of identification requirIng high singl
rulse S/ ratios, direct detection Is more efficient than heterodyne detection,
a 0.9999 probability~ of identification being attainable with a 4 kW' peak laser
power. ".sing a 100 no pulse width giving '15m rarro resclution the mean power

7. 1!



The processing and display will be similar to the mu-wave system requiring a
pattern recognition algorithm to identify the cables.
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ABNOR MAL BEHAVIOUR OF DOPPLER NAVIGATION SYSTE&M

Trevor Gray

Intoduction A Doppler system used as a navigation aid for helicopters will
normally provide navigational information with an error of the order of 17 - 2%
of distance travelled when a good quality gyro magnetic compass Is used, the
error falling to well below 1% if inertial quality heading can be provided,

It is not, however, with normal conditions that this paper is concerned but
rather with an unusual condition which occurs only very occasionally but which
can produce very misleading information unless appropriate measures are
adopted. The main purpose of this paper is to publicise this effect which does
not appear to be widely known. The effect Is associated with flight over a
particular type of water surface and will now be examined.

Oceration over Water Some increase in error Is to be expected from a Doppler
system lying over water as compared with the same system flying over land.
This is very well kown and documented and there are three principal sources
of such errors, namely *
1. Error due to the change of backscattering coefficient as incidence angle

Is changed.

2. Error due to the apparent movement of the water surface, this being wind

induced.

3. Errors due to bulk movement of the water promoted by tidal flow,

There are many approaches to the reduction of these errors Involving automatic
and manual methods but It Is not the concern of this paper to describe these
again since most have already been adequately treated in the literature.

There is, however, a type of water aberration which has not, so far as the

Author is aware been hitherto described, This has been informally referred to
as "Medeterranean Sea Effect" since It was first noted off the south coast of
France and Is an extreme caee of the error due to backscatter change,

In order to explain the origin of this effect it is first necessary to examine the
character of the error as normally experienced.

It Is well known that the energy scattered back from land is relatively
Independent of the Incidence angle over a fairly wide incidence angle range,

Trevor Gray is with Racal-Decca Navigator Limited, Hersham.



Over water however, it is found In general that the calmer the water the more rapidly
does backscatter Increase as the Incideace angle approaches the normal.

The curves usually considered as accurate Indicate that over calm water, the
backicattered energy changes at a rate of up to 1, 2 db/degree of incidence change
whereas over rough water the Agure Is about one hall of this value. The effect of
this Is to enhance the signals from the steeper part of the beam thus enhancing the
lower doppler frequencies and so distorting the spectrum and leading to an underread
of velocity.

This underread can be corrected by a number of known methods and no problem arises
provided the signal received by the main beam is the only, or at least the dominant
signal in the receiver passband.

Antenna Desin Criteria In order to ensure that this criterion Is observed, it is
customary to design the antenna radiation pattern such that the main bearn signal
Is always greater than any side lobe signal, account being taken of the backacatter
value in the direction of each lobe.

Since the normally accepted value for the maximum change of backscatter with
incidence angle Is about 1. 2 db pej degree over calm water and assuming a doppler
main beam depression angle of 67 , Is clear that the rise in backacattered signal

between 67 and the vertical i, e. 90 position will be 1. x (90 - 67)- 27..6 db,
The two way side lobe suppression must therefore exceed t -is value and would
usually be set, in a prudent design, at about -45 db,

The "Mediterranean Sea" Effect Such a system operates entirely satisfactorily
over most surfaces but in certaia isolated geographical areas an abnormality occurs,
This was first noted in the Mediterranean sea off the south coast ol France when
Investigations and measurements showed that there was a signal present due to an
antenna side lobe which signal exceeded the main beam signal by 6 db.

Since the side lobe (two way) was -45 db with respect to the main beam and situated
16 degrees Irom it, it would be natural to expect that the side lobe signal would be

at -45 + (1.2 x 16) a -25. 8 db with respect to the main beam signal. There was thus
an unexpected enhancement amounting to 25. 8 + 6 db a 32 db or 2 db per degree.

The inescapable conclusion to be drawn from this is that over the angular range
considered the rate of change of the scattering coefficient was at least 3.2 db/degree.
In fact, It is clear from a study of the recorded spectra that the law is normal over
the angular range 67 degrees to 72 degrees but then becomes markedly steeper so
that over the range between 72 degrees and 83 degrees the rate of change is no less
than 4.5 db per degree.

Since it is usual to design a system so that the tracker locks to the largest stinal
In the passband, it is clear that a false spectrum as described could provide
substantial and undetected errors.

The water surface which gives rise to this phenomenon consists of a long wavelength
swell with capillary waves superimposed the two patterns being more or less
orthogonal. It is not, therefore, a calm sea phenomenon.AA



No explanation for the behaviour has been derived but it seems possible that over a
certain limited aagular range, the water surface forms a series of geometr~ic shape$
which behave .jimilarly to corner reflectors.

Although this effect was flrst noted off the south coast of France It has also been
noted In the Stockcholm Archipelago and in an area off the coast of Japan. It Is
virtually certain thilt It Is alio to be found elsewhere.

The method of overcoming the tiffcc will depend oni the details of the equipmeat
concerned but substantial improvement of sidelobes at the expense of some beaniwidth
Increase represents a good starting point In most cases.

A ckaowledirern ants
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T31 RCTCR BLAU RADAR AS A NAVIGATICN AND APPROACH AID

--- 
i!3!I

A ground mapping radar has useful properties as an aid to overland
navigation and landing site approach. Operation is largely independent
of light level and weather, and the system is com-letely self-oontained,

I *For satisfactory and reliable operation however the radar must produce a
map of sufficient resolution to enable the pilot easily to recognise and
identify common features such as woods, roals, railways, rivre and field
boundaries.

Sufficient range resolution ia obtained fairly readily by using a short
duration pulse, but azimuth resolution relies upon a narrow beam,. !h,
requiring a horizontal aerial aperture of -ani ia'en;ths. Tcr 7 :am.e,
to match the ran;e reso.ut.on o! a -soic pulse ml at a ra n ; o-f I ko. A -. . e 4 . ^ .. ... %"or a . r eao n-k
requires an azimuth bea,-,t!ih oo a. .r . reason- a*v
ably tapered di-trbutcn t is -- plits an aperture of about 13C '-aelength3.
.o acctmmcdate this in a f.. ..a fuselae-M,-.te' c.-n=er ,,, .. ne s-itate a ?ery high rilar 1re-uen.r n f or - xam-+ . , , ut :.lr. .is ara2.able on a hel er the c,,.h ,,iider 4nni--n . of -rain ? -c

-. I ..~ .....• . enc .ae, ae.i -t.tn a lower, o e . ..' ... na r ue ..- : .. e ' e .

At PLZ an experimental rotor b'ade .adar has 1een ±ns1a!!ed a.d flown in A,
esaex helicopter. :lear!7 the maior technical "-"bem is in the i.ncortor-

ation of the aerial into the main rotor blade. .0he solution inaly
adopted is sketched in ?igure 1. .he antenna is a 4 m slotted :-band
waveguida array radiatinrg through the trailing ed- e which is constructed of
glass/resin skins and a .aper honepcomb core. The aerial is saiuated at
the inboard end of the blade and is fed via sectioc.s :f flexib:e a.d rigid
waveguide from a rotating joint housed in an assembly on the rotor hub. A -

waveguide onnnection is made from the other port of the rotating joint to
the radar via the hollow drive shaft of the main gearbox. The assembly
also contains a digital shaft encoder to measure rotor position and there-
fore aerial pointing angle.

The method of antenna construction leaves the blade vrofile unaffected, and
in the particular came of the ',essex the blade weight and balance is un-
changed (but it does not follow that t~is can be achieved with any halico-
pter blade). The pitch angle of the blade is of course always ;stive,
and varies cyclically in translational flight. To achieve reascnably
uniform covgrae the eak of the 1team in e4lvation is deflected u.Wards by
foil reflectcrs in the skins, narr.w in the ,-iter surface and ',il' in the
lower. /irea are aso ebrba 4 ed in the skins to iiprove tht match at the
dielectric/air interface. %C.urt 2 shows the ac'.±eed radiation patterns.

The main characteristics of the aerial are -

D Rogers is with the Airborne Radar Group at the loyal $ignals and
Radar £stabliehment, Malvern.
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Length 4 m
Azimuth beanwddth 0 09Ilevation beamwidth 4

Gain 31.5 dB
Rotation 'at. 13O0/sC

The radar is inatalled in and controlled from a console in the main cabin of the
helicopter, but an additional display is inrtalled in the instru.ent ;anel of
the left hand pilot's position. 'he dis-lairs use direct view storage tubes
giving a green picture bright enough 'or easy viewing in daylight. The main
parameters of the radar are

Frequency I-band
Peak Power 80 kW
Pulsewidth 50 nasc, 100 n80
P.r.f. 6 -z, 10 k z, 20 kHz
Display $cale 0.5 km/radius to 10 km/radius

The relatively high p.r.f.'s are necessary not only to keep up the manetron
duty cycle and therefore the mear. power, but also to ensure a reasonable number
of hits on an individual target, since the narrow beamwidth and high scan rate
itnose a dwell time on target of orly about W.4 masc, This short time
also sets A liit -.o the radar's maximum ranxe, since, when the transmit-to-
receive time inlt'r-al becomes a signalizes: .. lotion of 6.19 dwoli time, the -
t ransmit anr. ecei've beams cease to to zo-Ircident. This '3CanninX Loss"
amounts to abou,: I dB at LC km range, andd d3 at 5. 'em . Uc h:er :&.-.;s

than this h:wever are adequate for en-route navicttion an! az;roa-h 7urtoses,
and in orioti^e it 4a found thA: rat;# scalts of 2 km.,'radius AndI 20'=-dU
are the most Oenerally useu!,

The system has been flown over a variet, of terraina, includir g rural and urban
areas, and ooast:ines. The most striking 1eaturt of the radar over rural trr-
an is the clarity of the field patterns; this is to be extected since the
dominant upstanding targets over open countryside are the hedges and trees of the
filld boundaies. loads, railwaps and rivers are rea'i~y identified, &main
7riarily because of the ;rowth alongside them. Ince field bouniaris are n t
usually shown on a Survey maz, some practice is necessary to re'ato it readily to
the ;a!&r picturt, but the art is quickly a-quired, and on a number of exercises

using different 3sb,4ects yre-rlanned routes were flown with very little difficultv.

Given an identifiable landing site (and by its nature it usually is readily ident-
ifiable) approach is very straightforward; the shortest range scale, with the
origin offset to the bottom of the dislay, gives a picture of the ground to 1 km
in front of the aircraft, allowing the pilot easily to aptroach to a few hundred
metres of his landing point. Height of course in not directly given, and an
altimeter of some sort is necessary to define a glide path.

'onclusions. The rotor blade radar experiment has succssfully demonstrated
that a ma;ping radar of a reasonably high resolution is a very useful navigation
and approach aii to a helicopter flying in :onditions of poor visibility. The
use of the main rotor blade to carry the aerial enables sufficietnt resolution to

to obtjaned; while it is not easily incor-:rated into an existng blade design,
it should be relatively straightforward to include it in the inteqra:ed design of
a new blade (not necessarily for a new helicopter) if the p.tential market, civil
and omilitary, sho-.d prove sufficient to ustify it. No deta- ld estinates of
the likely costs o develorment and manufacture have ,ret been underta::en, but it
is likely that the price will e fairly high: it remains the case hovevir that the
centimetre radar is the only current self-contained technique whose performance is
largely independent of weather and visibility conditions.
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